Objectives: Pulmonary sequestration is a continuum of lung anomalies for which no single embryonic hypothesis is yet available. The aim of this study was to assess the diagnostic tools and treatment for the rare condition, pulmonary sequestration, in an unspecialised centre.
Introduction
Pulmonary sequestration is a rare congenital malformation characterised by a mass of non-functioning lung tissue separated from the normal bronchopulmonary tree and vascularised by an aberrant systemic artery [6, 16] . It represents between 0.15 and 6.45% of all pulmonary malformations. No chromosomal abnormality could be identified in any of the patients presenting with such a malformation. Rokitansky and Rektorzic described the first case over 100 years ago. These authors proposed that the sequestration was due to a separated but normally developed lung fraction. Since then, several theories were put forward to explain the genesis of this anomaly [1] [2] [3] [4] . Pryce's traction theory is generally felt to be the most accurate explanation of this pathology. He and his group were the first to use the term sequestration. They furthermore identified the association between congenital bronchial isolation and vascularisation by an aberrant artery of the systemic circulation. The latter arise commonly from the thoracic aorta, from the coeliac trunk or from intercostal arteries.
Two types of pulmonary sequestration are recognised, depending on whether or not the malformation possesses its own pleural covering. Intralobar sequestration is an abnormal region within the normal pulmonary parenchyma without its own pleural covering. Extralobar sequestration corresponds to a true accessory lung, with its own pleural envelope [3, 5, [8] [9] [10] [11] [12] [13] . There are numerous differences between these two types.
Localisation
Intralobar sequestration is in general found in the posterolateral segment of the left lung while extralobar sequestration is more often found in the lower lobes, especially in the left costodiaphragmatic sinus. In the case of extralobar disease, infradiaphragmatic, apical and bilateral lesions are also found. Extralobar masses are often clinically silent and only found by chance, generally during exploratory thoracotomy.
Size of feeding artery
In intralobar disease, the feeding artery is usually of large calibre, in contrast to extralobar disease where it is frequently quite thin.
Venous drainage
Intralobar disease is always drained by the pulmonary veins whilst extralobar disease is drained by the azygous or portal vein [1, 3, 5] .
Communication with the pulmonary tree
This is sometimes seen in the case of intralobar sequestration, but is very rarely seen in extralobar disease.
Sex distribution
Intralobar disease is approximately equally distributed between sexes whilst extralobar disease is found more commonly in men (80% of cases).
Age at diagnosis
Extralobar disease is usually diagnosed in infancy or childhood whilst intralobar disease often remains unrecognised until after the age of 20.
Preferential side
Intralobar sequestration demonstrates no preferences for either lung whilst extralobar sequestration is found in the left lung in 80% of cases.
Associated diseases
Intralobar sequestrations are not associated with other cardio-pulmonary anomalies, but extralobar sequestrations may be found in association with cardiac, or more frequently, diaphragmatic anomalies in 50% of cases [26, 27] . The fact that intralobar and extralobar sequestrations can be found simultaneously suggests that the two forms might share a common embryopathogenic basis [1] . Clinically, the malformation remains generally silent as long as there is no secondary infection or communication with the bronchial tree or gastrointestinal tract. The diagnostic investigation of choice remains aortography, but it has to be demonstrated whether digital subtraction angiography or MRI angiography will prove more efficient and less invasive [19, 28] . Pulmonary angiography and bronchography Surgery 14 (1998) [127] [128] [129] [130] [131] [132] [133] can help with the diagnosis, but are seldom diagnostic by themselves [29] [30] [31] [32] .
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The mainstay of treatment has always been surgical excision. In 1981, Genton et al. suggested that surgical excision is indicated only in the cases of recurrent infection or secondary heart failure [22] . This was supported by Zumbro and numerous other Canadian surgeons who observed that few patients with pulmonary sequestrations had pulmonary symptoms [7, 22, 23] . They proposed conservative treatment for the majority of patients, and reserved surgical intervention only in the case of complications [2, 7, 24, 25] . We however, would recommend surgical treatment, usually complete excision, even in the absence of symptoms. The diagnosis is often suspected from the results of clinical and radiological examination. On simple chest radiography, an elongated, sometimes cystic lesion, lying adjacent and frequently posterior to the pericardium is strongly suggestive of the diagnosis. However, no distinction can be made between intra-and extralobar disease, and on occasion it is impossible to exclude other cystic structures [8, 14, 15, 17, 18] . Communication with the GI tract can be ruled out by the use of contrast studies. Bronchography allows dilatation of the bronchi to be excluded, may show bronchial obstruction in association with the sequestration, and allows the bronchial anatomy to be mapped. If active infection is present, bronchoscopy may show pus coming from bronchi adjacent to the sequestered segment. Ultrasound will delineate abnormal vessels and pulmonary tissue, but the results 14 (1998) [127] [128] [129] [130] [131] [132] [133] are only variably interpretable. The examination of choice to display the topographical features and nature of the abnormal pulmonary parenchyma is CT-scan, but for the definitive confirmation of the diagnosis, angiography is required [1, 19] . The recent advent of MRI angiography may replace the need for conventional angiography, a procedure which is invasive, and which can be difficult sometimes [1, 7, 17, [20] [21] [22] .
In the present study, we reviewed the cases diagnosed and operated in Lausanne, in order to assess the diagnostic and treatment accuracy in a non-specialised medium-sized hospital.
Patients and methods
We reviewed the files of all patients diagnosed with pulmonary sequestration between May 1959 and May 1997 in the Lausanne University Hospital. The following data were collected for each patient: sex, age, medical history, major complaint at admission, diagnostic procedures, treatment, histological diagnostic and short-term outcome. Operative treatments and findings including exact anatomical location of the sequestered lung and abnormal vasculature were evaluated.
Results
In the Department of surgery at the CHUV in Lausanne, 26 cases of pulmonary sequestration were operated on between May 1959 and May 1997. There were 16 males, ten females, four children and 22 adults. The average age of the children operated on was 8 months, ranging from 1 day to 3 years. Amongst the adult population, the average age was 25 years, ranging from 15 to 33. All patients were initially selected on the basis of a suspect chest X-ray. Two patients were diagnosed on the basis of a suspect pulmonary scintigraphy. All diagnoses were confirmed by histology, see Figs. 1-6 .
Among 26 patients, 19 presented with signs and symptoms of pulmonary disease: recurrent pneumonia (five), respiratory distress (five), hemoptysis (three), stridor (three), thoracic pain (two) or pleurisy (one). Three cases had secondary infection with Mycobacterium tuberculosis (TB), four with Aspergillus umigatus and two with Nocardiose asteroides. The other infections were due to undetermined agents.
Nineteen of the 26 cases of sequestration were intralobar, and the other seven were extralobar. Of 19 patients presenting with intralobar sequestrations, seven were asymptomatic. Among these, four were discovered during surgery for cardiac malformations (two with Fallot's tetralogy, one with an atrial septal defect and one with scimitar syndrome). In the three remaining patients, the definitive diagnosis had been suggested preoperatively by chest X-ray, MRI scanning (including one MRI angiography) and retrograde angiography.
At pathological examination, the size of the specimen varied from a diameter of about 2 cm to a lesion measuring 15 × 11 × 8 cm. The feeding artery varied from 3 mm in diameter in the smallest instance to 14 mm in the largest sequestration. The main vascular supply to the lesions arose from the thoracic aorta in 80% and from the abdominal aorta in 20% of cases. Venous drainage was through the hemiazygous and superior vena cava as well as the pulmonary vein, except for two cases where drainage was via the inferior vena cava or via the portal vein. Seventy-one percent of extralobar sequestrations were found at the level of the lower lobes, with the other 29% in an interlobular fissure.
Treatment evolved with time. Altogether, 12 patients underwent a lobectomy (46%), one had a bilobectomy (4%) and one a pneumonectomy (4%). Four patients underwent simple ligation of the feeding artery (15%) (two by laparotomy, and two by thoracotomy). Eight patients had simple excision of the lesion (30%). There was no shortterm postoperative mortality. Complications included three haemothorax after lobectomy, two bronchial fistula, two empyemas and one intra-abdominal haemorrhage after excision of an extralobar sequestration. There were no cases of malignant transformation of the sequestration, either bronchial or pulmonary. Results of long-term postoperative follow-up were not analysed as such. Among patients who came back to the hospital, there were no recurrences, or mid-or long-term complications.
Discussion
The present study was aimed at reviewing our experience with a rare disease. Due to its rarity, (540 known cases between the years 1862 and 1975, as quoted by Savic [1] ), series from any single hospital are bound to be small. Furthermore, treatment varies along the years, rending therapeutic modalities difficult to assess. In summary, pulmonary sequestration arises from an abnormal pulmonary development along with pathological vascularisation. Our findings do not allow us to present new proposals concerning the aetiology of this disease (Table 1 ). In our experience, this pathology reaches clinical significance at the time of infection of the sequestered tissue. It can also be a fortuitous operative finding. Given the probability of developing infectious complications, the sequestered tissue should excised. In the case of extralobar sequestration, the anomalous artery and vein can be divided close to their origin and the non-ventilated parenchyma removed. As observed in the present study, excision of the sequestered lung tissue is a safe procedure with a low complication rate. Although not used in our hospital during the studied time period, thoracoscopy seems now to find its place in the surgery of this disease [25] .
In spite of its rarity, pulmonary sequestration should be considered in presence of certain features on a chest X-ray, prompting further investigations in order to avoid encountering an unexpected pathology during surgery. Diagnosis is best confirmed by CT-scan and retrograde aortography. Except for exceptional inoperable cases, intralobar asymptomatic forms should be excised prophylactically, because of infection hazard. 
